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DESCRsPTlON 

ViBRATIQN ACTUATOR HAVING AN ELASTIC MEMBER BETWEEN 
A SU$PgNSiON PLATE A'><IO A MAGNETIC CIRCUIT DEVICE 

Tm pmsent invention r^^lates to a vibratson at:*uator is mainly 

imoumecJ on mobde corr^municatiCri ,rk.i:araTus6« such as acelluiar phone, and 
vvnici~i hai. a iuncuon o; genara?i;-!g a cali sound, a voice; and a Viferation, 

A convfentlonal MibmUm aotualar Is disclosed Ir^ Rg, 5 of United States 
Patent i4o. 5.5S3,SS7 issued to Yoshiksizu Sato, The conventional vibration 
actuator cx:mprises a magnet a pol« pisce, and a yoke m^ch are couplad witn 
■•>ne another lo form a niagneor clrciiit device witn a magrseiic gap. The 
magnetic cireuit device is ^lastjcapy suapgndsd to a case or a vibration 
iransniflter by a spring isody or a sus-pen^Jion ptat^ in a predetermined direction. 
A diaphragm is attached as a vihrsi^ting rmemfeer to tiie case. A coil Is fixed to the 
dsapriragm and disposed in the sTiagnetio gap of the magnetic circull 

^uspencissd by oniy the suspension plate to the vibration transmitter. With this 
structure, a Q (indicating hereiriUndcsr the steepness in mechanical resonance) is 
great during vibration resonanca ro narrow a band ot ttia vlbtatlon, .As a f esuli of 
narrovvifu? the L>arid, a large re^;--.>n^anca positional deviaiior^ occurs dependent on 
use conditions. Accordingly, it is necessary to use a oompllcatad circuii In order 
to drive the conventlonai vibration aotimtor, 

it i.'s th&rafora en objec? of the present invention to provide a vibrelion 
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Other ob|aois of the pr^ant invention wis' b^ins clear as the 

magnstsc circuit device with a magnetsc gap, a viarating mambes; a cosi fixed to . 
the vibraung sYicsnidef and disposed in iha magnfcJiic gap, a vibration transmitter, 
and a suspension piate for eias^cally suspendsn§ the magne^c drciiit device to 
the transmitter in a pr^e^miinsd dtf^crrion, Tiie vibration actuator 

iurrher comprises a primary elastiq member interposed between the suspsriSion 
plate and ihe rnagnetsc circuit oevice in the pre'leiem'iined direction, 

F^9. 1 A is a parsaiiy out top y\m of a vsbf-^t^or^ actuator accc-rcst^g to c; f=r?55 
fimbodir^"5eM of tne present tnvQnfen; 

"ic:. 1 B a secuonai v-ew taken aionc a itne i-i oi Fig, 1 a: 

Fig, 2A is a plan view ol a suspension piate used in the vibration acuuator 
of Rgs. lAand 1B; 

Fig. 2B is a view allowing vibration iraquency properties, wT^oreir? a aoiid 
line i-eprasenis a case using t?e suspenB or. p.;^et^;-; of Fig, 2, a broKen iirse 
representing a case asing a cai-jvferitiu.ia' iU&MSSvSion piak->; 

Fig, 3A Is a pajtaliy otfi tep view of a ¥ib?^^drs ^^tuator accof ding to a 
secorx-j en-jbodffYiBnt of the present irsvenlion; 

Fig. SB is a secitonai view taHer, aiong a iine lll^iii of Fig. 3A; 

Fiq, 3C is a paryaiiy ci,--; iop v>-sw ahovyinf^ a rnodsiicaiion of the vibration 
actualor iiiusirated in Fi§s> 3Aand 3B; 

Fig, 4 is a sec^onal vi«w of a vibration actuator according to a third 
0mbodifr?enl of the present inv^tion; 

Fig, 5 is a sectional viaw of a vibration actuator according ig e. tOLinh 
ei-nbodiment ol trie prsseni invention; 
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c-nbDd mmX or present ifjv^^ tH>n 

Fsc 7 ma secbona! a" a v ^mtinni acJiiaior acconJing to a s!<th 
^>n-5bod!mont ol- the aresem snv^^'^tson 

•^>c ^ o sec>.o'\ ^ r ^ c* a v^jffeijjn actuato! ^cco <ii to ; vrrih 

a $csctsonal vigv-^ >d v5;-?f£!toi aUuator ancordsng to an eighth 
i^'n\x?iinmit of the prcsm fnvc Jtsfs^n, 

" ^ 0 a see --^ " A a ' s;)\it{on a-;tus.tos acco'os \q h> a s .fH^> 
^wouu 110^*^0 prjrarnv . ri^a 

r u a sect orviS V! -^.'v r ^ ^'sh'-aban acrjarr according to 9 tenth 

fjg. sSB IS a view n^^ o rvDjCjsi example of aDDusttc properties of the 
vsbf e^on actuator of Fici. 1 ?A -i cofiveiitional vibration aciuator in w^^ich a 
. '.■^ .ro'v: "^•i^"^t"^s:■i Ov-e.-^ - , * ^ « > r >fr 'o^non wherein s !.h;cK soiid-iir^o 
:op:«.i£ni,s a Da»iC vsisve piCp€' V ^u-^ viL-ifaiion aciuaiCH of Fig. 12A, a ih-ck 
brokon-iine roprasenting a dsstrr^on pfof^efty In the vibration actuator of Fig. 12A, 
:i i\wi i5oiid-|ieo represer^tirsg ^hs* b^«sc vvm'e properly in the convantionai vibration 
5ctuaK-f *i tM;n b?oken«i!ne repres^sntirsg the distortion properly ?n tne 
cor^veuti.:-na> vioratjon actua*<"5'- 

FsQ 13 is a sec^osfai \"-m o a viDration actuator according to a Ovveitth 
embodimer?t of t>e present snvvntiOfK 

Fig. 1 4 is a vl8w showii'<9 a \ypjcai example of acoastic: propirtsss of th^: 
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Fig, 15 js a pamaiiy Droken parspective- vk-jw ot a cellular phone navsng a 
■v'ibratio?^ actuator of a circuter shap^; and 

Fig, 16 is a pailjaOy bmk^n pmp^dw^ v^ew of a cel!«!ar phorj^ fiaving a 
vibration actuator of an elongated circuiar shape.. 

With mfarence to Figs. tAand IB. dmcnplion wiii be made fsgards a 
vibralion actolor acrarding to aitirst omisodim^jnt of t?e pro^jent invention. 

The vibration actuator of figs. 1 A and tB comprises a yoke 1 , a disc< 
shaped permanent magnet 2, a plate 3 which are coupled with orse aricvfiier ic 
iotvci a rrsagjHJiic csrcuit Oevic© with a magnetic gap in the manner known in the art 
T'ha vibration actuator is usually -called an int<.»r?^a: r^iagnetic type. A cenira! shaft 
11 @xt.arKts in a predetermined difaotton or a vlbr^i-tlon direction and has a part 
embedded in the racess of the vol^a i . ; c.;;iv..ral sha't 11 is passed and 
insoiiaci ti sraugh the central hole of the magnetic csrcait device to position the 
yoke 1 , the perma.nern. magr^et 2, and the otete 3 on the same axis. The oontral 
shaft 11 may has a shape ot a bolt, a pin, or th^ lUke, 

The vibraaon actuator further corrtpf s-^es a vii:^ratinvi member 9 of metai. a 
cstil 10 i5#5d to trie vidraling member 9 and dsepoised in the magnetic ||ap of the 
rnagrjeiic circuit device, a vibration iraasmitt&r 12 rsiade as a singie unit of pla^siic 
resin, and a suspension plate S of metal for elastl^cally suspending th§ magr?etic 
circuit device to the vibration trahsmittar 1 Z in predetwmlned. direction. The 
vfbmtion transmitter 12 is cooperated with tha vibrating member 8 to surround the 
magnciic circuit device and tnefefore cervea ay a caamg, 

I'he aaapensioa plata 5 is cor^stitiited of stngia piece of circular-arcuate 
spiral leal spnng which will later beoome ciearj The auapenaion plate 5 has a 
central portion 5a and a penpheral portion Sb around the central portion 5a. The 
central portion Sa is connected to a panpi'israi part Gf ti^e yoke l of the luagnetic .. 
csrcuii device via a primafy elastic n^ember 6a interposed batwaen trie 
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suspe:isior5 plale 5 and the f^iagrfetsc droult device in Vue precleierrnined dsref^tson. 
The p(?ripherai portion 5b is connscteoto tie vll^ralion transmitter 12 v^a a 
secors^ary elastic menstjer or masenai 60. 

The vibfatiog m©m;b8r 9 has. a. peripheral portion oomsoied to an upper 
end of the vibration trKsnsmrrte?' 12^ ^ rncmb!?'' t^i* "^r^c oo^* 

10 \?i posRloned at a c«!?itrai porlson o1 iJia vibrating mernUar 9 and fixed io the 
vibrating mer?>ber 9 xia art ad^vssive or the like. Each of the piimary and the 
additional elastic members 6a and 6b is made of matafial atfch as a pressure- 
sen5.it.ive adhesive.. bondi?->g af-'efsl and resin, Tt^8 sccor-dary eiasiio rnatesiai 
- wK > .^v> o. <Tasr>«, ^ \ e.55>usC' crrj\tu\<«r <5.u'^«?i{yc oras>^q 
agent and resin, 

*A^ilh the vibration act iati)r, si?^ca ^e syspensien plate 5 is connactad to 
t^^e outer penpherai part of ih>^ yoi<e "i the vibrs-tion of the magnetic cir cuH device 
;rv-! -^!;D";-^ossac In o;c;u' a ru,-ignv aimesiaion can ee reduced by u^lng the 
V5braiir!g nv:-sT;oer 9 oi a fiat a"- spe. 

Here, the tip end of tin-; vt)Ka i el Ihe magr^eiic circuit device is fomied In 
the shapo of prctoisions, corruoation??. or the like so tiiat a high magnetic Huk 
:;enf;itv va.v.;v f^ef^r 'ate;", e rs; sn - -rcrnaS rrtagnelic t\'pe of an exT&n-iai 
inaco-;V!o ?\p^ . iViofeov^J-, - n agj>r.c po^e O) tna p-ernianoni magnet .na> iJe 
dif ectad sn either direction. 

Used In the suspamson plate 3 is a spnng iriatenal of at least one metal 
selected from SUS304. SUS301. nickel silver, phosphor tjronr.e and Pefyllium- 
Cvv.-H-"^'" <-^iiO"v- A^,-j;i"-nc=iiv, tf-e tuspen-sior^ piale 5 is integrally attached 

to ihe viDraiioa tran^micter .iy msea ruoidir^g, weiduig, bonding, ano tiie like. 

The coil 10 ie bonded lo the arbitrary position of a radial direction of the 
vipranng member 9 by an adh sssve, and the ^ike. In the vibrating member 9, 
pr©daier^imcd acoustic proots Hi-is ca.a be retained by the arbitrary plate 
ir>!OK;iv-;s;i 05 tn« list sisape, div^c ^5bape, curved ehap8< corajgatior^ or combined 
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stsape,: or isy tbe single curvature br the tXimbinaHon of different cMr^lW^ of t^e 
curved sbape. To obtain a larger ampistuas or the vitjraiing rr^ember 9< ihe outer 
peripheral part of t\e vibrating member 9 is fi)!Bd to the vibrntior? tr^smittsr 12 
via tb§ additional e^a§^c mamt)^r-6b. 

The vibration transmitter i 2 is. fe!fJT5ed of r^sin to brirsg aibout an eiastio 
action, an<i is arbitfariiy provided with a soi^nc" emtU;ria rsoie 13 lo satisfy the 
principie of Hesmholts resenater. , Here, tha pir;ml part ol mch part of tf?e 
vibraiion actuator is iiefmeticallv se^ed m order to prwent air from fjovvsng in or 
out via the part oti">er than the sound emitting licse 13. 

i-:eferring to Fig, 2A, the suspenaion plate 5 iias three leaf sprang portions 
15 each ©.stending along a spiral cufve betwes?^ the centtBi and this persprsarai 
portions 5a and Sb, Each of the leaf springs 1 S Is fomied by two elongated 
holes 1 6 e;<tending cubstantiaiiy parallel to the spiral cusva. Each ct ti-ie 
eiongatad holes 1 6 has and areas and an intarrr^ediato area between the and 
areas, "The end areas are deiinsd by csrciaa- i-urtacas 16a ana spiral surfaces 
1 6b, raspectiveiy. The inteniiadiate area is defined m l^^s spiral sudaces 1 
Each of the spira! surfaces 16b m paralletto it)e spiral curve. 

More pertioulariy, the suspension piata 6 has a structure m which the 
sudece oi the suspensior- piaie 5 i?; proyidad wi<;ii ona or a piuralit^^ ot elongated 
holes 1 6 disposed in equal interval posiuon$ cm a dssc. Adjacent ones ot the 
elonorated holes 16 ovedap with eaob other on tiie basis of a central shaft ?n an 
angie r^nge of 55 degrees or more. Thus, a spring effesc^ive length 20 i§ 
lengtbaned in Ihe susper^siori sprir^g part 15. Ti^etBfore* when external factors 
such as tailing si^ocK are appiioc jrj tne a;a-n£:'.ric ^iiraction. rhe fnagnivjc cifcusi ic 
displaced iothe dian^^o directly, but the ngidlt^' in the diametric direction is 
small, and no pennaner?t ^?m^in rer?ialr^- 

in Fig. 2B, vibration freqsjency propertiaa ase shown by a soiki iirre and a 
Prokeri line, Ttre solid line rapresents a caso using t,he suspension plate of Fig. 
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2. Tne brcksn Nne represents ;d cas-^e ussr^g a conventionai suspension piate, 

Wjth mmetm^ xa Fsgs. 3A and 3B, ths dascriplion mil be made as 
regards a vibra^on actuator aD:;ording to a seemed embodiment of the present 
invemlon, Tha vibration actuator a^mii'Sf Isas similar parts designated by iika 
reference} n i;n-ierais. 

In the vibtatlo?) actuator of Figs. 3Aa!id 38, a vibrator area Is eruarged bv 
forrr^ing th© v^bmting member 9 an<l ttia vibration transn^Jiter 12 in an elliptie^! 
shapa to obtain the same degre^e of sound prassi^re level as that of tlie vibration 
actuak^r of Fig;:. 1 A and IB. With this, structure, it is possible to rsduc-e ihe area 
o; a r^ouasng atlacnmeni pan a^-^d <o avofd a drop o^ souno pressure level caused 
by the area reducisor^. 

In addition, a conugsivSi j c-^toppar 14 is disposed on the inner psnpnarai 
part of the vibration transmittor 12, for adjusting an irstervel or space bet^A'een the 
■nagnesic; oh'cu^t device arid t?^^^ viDra^on traasnittar 12 to prevent truo magnetic 
circuit oavice from bBmg f^xcf^edirigh/ displaced In the radsai dsrecwon. it ss to 
be noted that thi$ constructior-i ssr^ab^es tiB interval or space to be constant. 

WItri reference to Fig, 3C. ihB dasor^pilonwil! be made as regards a 
modification *bf» vjbf art"^n a-. » \> *)>^s'..*eo Fi<->s 3Aa'Ki3h The vibration 
actuator comprises sirniiar par:, 5 c8s>8:,^i>ted oy liKO rsterenoe r^un^erals. The 
vipratlfjg rnar^iber S and the vibration tranamiser 12 may ba formed In an 
elorjgated dfoular shapa as ahown In Rg. 

In each of the vibratlor^ acttj^tors of Figs. the yoke l and/or the 

suspanslon pi;'ste 5 rru-'y ba -ied ';o '^v-ve a snjipe similar to that of the vibrcaior? 
merrsb^i- 9 in their top viov^v's, ^A^Kb tn.<^ arraii^Sinatu, Ji: is poe&lbie to oassgn tba 
yoke t lo have greater mass. In s caaa ussng the yoke 1 of Ifie greater mass, 
the vibration actuator oan cause the vibration of a grBator level. 
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With ?di3rer5ce to Fig. 4, the doscapuof) wsli be made as rngmas a 
vibration soU4ator according a; ihird OTteiifr^ef^? of th© pmsent i??va:n|joJ^. The 
vibr'stlcjf) aotuatof co?^p?lB^® siiTiliiSf piirtis by likB T&f^tBf^^^ ftupisrals 

!n the vfbrstion aetuaJsr of F\g: 4, the coil to k dlvkted Wo a plurality of places or 
coiis 1 0a arid 1 0t> arranged in th<^ pr&aelerrn;;n.ad dsr^ction. When the colis 1 0a 
and 1 0b or tba .magr^atic ciroult . device mmm, a J^tron^ magrsetic ikm. Is aiw^ys 
c^l!jpii^{^ ■ to ^itli^r on^ oou* 

With rsterencQ to Ffg, 5„th0 description v^'iil be made as regards a 
vibranon aciucitor according to fourth errJ-:!odinie^:t c-t presesi; snvenyor?. 
Tile! vibraiiQf^ c^otuator coniprises ssmslar p.ins de>?ign«tec by iske reference 
numef ais. In the vibratbn actuator of Fig, 5 .. the outer peHpt?eral pari of the 
vioratir^g merr^bar 9 1& banmd to the outer periph^ra! part of the suspansion plate 
S with the adhasive or the like wimout imerDc&M^g any elastic rrtaterias Wrih this 
strucK^re, the height dimensson and voiume si the vibfalion actuator can be 
reduced. 

With reference to Fig. 6, the d^sjcription wdl be mada as regards a 
vibration actuator according to a fifth amfeodlmefis of the prasarst Invention. Tba 
v^lbratlon actuator comprises sfmilar pa?ls:«Jesi<|natsd by like referenc^e numerals, 
In the vibration actuator of fig. b, tha rTBgjieiic circuit devjoa in XhB wmBtk>n 
actuator Is changed to that of Ih4 mmml magnetic type. .A donut-ahaped 
permanent rnagnet 2a is held and Irjaarted between the corruQaled groove 
forn^ed in the outer peripheral part of ttna yoke 1 and a plate 3a sna the adhesive 
or triw ii.Ki-. , Of id coaxsaisy po.saioned. 

With refer ence to Fig. 7, .tr\e descrjptior? wsil ba made aa regards a 
vibration actuator according to a .aixth embociimani of the present Invention. Tfta 
vihration actuator awpfisaa similar parts designated by like reference numerals. 
The vibratior-i actuator of Fig. 7 Is of the inl^rrsal iTiAgr^aric type. 1 he central snafi 
t1 IS pasc;e<J and ineertad irtrough the cenirai ho^v 05 a suspensior? plate 5a and 
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magestis: drouit device while th^ csntel psrt of the suspension .plate 5a: b held 
vsa an slasiss.-; f$^e^lbar m, Tn>> magne&c drcust devica, the suspension plate 5a, 
and the viMon transmitter 1£ ar^ positioned on the sama axis by the central 
shaft 1 1 . it ts to be noted tiat the sasperssion plate 5a corre^nds to the 
a:usp<5nsion plate 5 sn Figs. 1 A «nc 1 B ^ml that trie elastic membet 6c 
corresponds the primary eiai-uc sren -ber aa in Figs, 1Aand 1B. 

With reference to Fig, a. the desaripfe wHi be ?nade as regards a 
vibration acMor according to a seventh ernbodlment of the present Invention, 
l^he vibrsstiori actuator compnsss similar parts designated by like retereiice- 
nu!-n5»rals. in th© vibrstbn acii:iatcr;ii;:;il§:, 8, the i?sagneiic cireuit da^ief of the 
vibratiof^ actuator ot Fig. 7 fs cf-!3r:-gefi to that o? the externsi magrieiic t/pe. In 
addition, a radial structure is u-3.ed in conslderalion of a oounten-neasurc against a 
leai< s-niagnetsc fSux. Here, sin-jjiarsy to the vibration actuator iiiustrated In Rg. 6, 
frss donul-sr-aced psr?r;ari«f)L magnet 2a is held and embedded In tho corrugated 
groove forniad in the outer ge^i ,>naral pan of a yoke 1c and a piate 3b v;a the 
adhesive or thrs like, end rK)SJiic<f>od or: ihe same axis. It is to be noted that the 
niagnetixation of the donul-shi^Ss^ed permanent magnet 2a Is in a thickness 
direcfen. 

With refers nee to rig, 9, tee deschption wlii ce frsado as regards a 
vibration actuator according to an eighth embodiment of the present Invention, 
The vibration actuator cefrtpm?*^:^ s^tislar pertsj doai^nated by {il<e feference 
rsumerals. m the vferatJon actuator of Rg. 9, the magnatic cifOJit device is 
changed to that of high magnetic flux density s^t^JiCture. In addition, ihB radial 
structure is used In cons;v>^!c m o tre counter n'50<5t-sUtC against too ssak 
magnetic fjux, SImliariy to Fig. e dontrt-sheped permanent magnet 2b Is held 
bet*?>?eers ^id fixed to the outer penphoral pad of the yoke ar\4 a plate Sc of the 
resin or the iike via the adhesive or thiS likB. and coaxially posstiot^ed. It is to be 
notea ttsai ine rriagnetizatior- c^ahe acnut-snapcci porrnarsenl magnet 2b ss sn a 
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sirsymferential dsrectbn, 

Wte rererence to Fjq, 1CI Ihe descnpticn yvai mada as regards a 
vibration actuator according to a ninth smbodsm^srit of the presssnt inven^on. The 
vibration actuator comprises simiiar patt$ designated by IsKe reference numerais. 

The vibration actuator of Fig, 10 is of the internal magvnotic type in that 
tiie outer peripheral pari of a yoi^e le of the rnagr.aiic circuit iS fiexsDly supported 
by a $usp6ns!on piate.5c via an aiastic fYiaisrial 6d, Whiio the simliar support 
structure is used, tl^.a magnatic circiiit device may De that of tie externa! rnagneiic 
type or Uva radiai WpB~ ivioreovar, sirniiafiy to Re. l , fcy fixing thcs suspension 
plate 5c to i;hs outer penpharai pan of ti~se ytme i-;. tna viDration n; the rriagnetsc 
c-sciiit dcvsce can eifectiveiy be suppressad. U ii^ k> ^'se noiact that tr?e 
suspension piate 5c cofrasponds to. the suspsfision piatc 5 in Figs. 1 Aand 1B 
and that the elastic rnernbsr 6c Qon:asponds to Iho prmaty elastic rr.emijar 6d in 
Rgs. 1 A and 18. 

y^/hon a drive current \s supplied to the cx sl 10, the rnagneisc circusi eevice 
and the vibraisng member 9 vibrates togeti^er with the coil 10 in the 
predejarTiisned direction in the manner known In the art. In tils av^nt, the 
vihrating msrn&sr S produces a vibration having a iarge arnpiitude. This is 
because, ihe vlbraiion fnernher 9 iias arbiirary n'siK^nai ;>i5apa. pin^s thicla"5ess. 
arid the isKe and attached via i- ^e elastic mwiber ^iid of the pressure-sensitive 
adhesive, bonding agent r)r resin. Tiie vtbrsitior? of the vibrating member B is 
transmitted to air. Therefore, the acoustic propertlee wjih a high sotind pressure 
ievei and of a wide band can be cbMined. K'lorer^ver, inasmuch as the elastic 
matenal 6d is used beiv\?een the respective nieml>e?s, the Q during resonance 
can be suppressed. 



in thtS case, the vibratKin transmitter 12 forms the fixed part tn the low 
freqijerjcy or forms the siastic fr,alarial t?i« high freqiisncy, and vibrates as a 
part ot ths Vibrator 8. The rnacin?^tic circust device c^d the vibrating member 9 
inveriere with each other 1:::= op - a;» s^acn oi Ih^?! vibration and acoustic modes, 
i\.<1or9over, ssnca the rnenibers cLhe? itian ti-se niagnetic circuit device, the coil 10, 
and rhi^ central shatt 1"^ bring aOoul the eiasiie action, the performance 
deteriorsition by tt^e abnorfTJai str©s£©s such as tho faiHr^9 stlocK can be redi^ced, 

Wsth reference to Fig, ■ 1 , the description wiH be made as regards a 
vsbratic n actuator accordiag to a t^snlii vjnujodiment of the prfosent iriveriion. 
Trio vibration actuator corrspriss^s -siniilaf parte Designated by like roferorice 

tn the Vibration actuator Fig. 11 , the magnetic circuit device is of tha 
iru^arna: nia<.jnfetic lype suniuar - > (ha: o- t-H; vura son acJuaior shown sn -igs, 1A 
and 1 B, hut sepafMeiy the ex?*=m:3i magnetic type, or the radias type may be used. 
A su,«;penr>ion piate 6d is tixed to the rrsagnetic circuit device via an eiasiic 
matehai or member 6§ and to r-^e vibration traiiBrnftJer 12 viat^>8 secondary 
elastic rnes^her 60. The elastic maieiai or member 6e is of the preasiire- 
sor-siivo adhesivO: i^onding agent, -esin, or the i!i<e, ii is to be noted tnat rhe 
susperssion piate Sd correBponds to ttjo suspension piate S in Figs, 1 Aand IB 
and that the eMc material or manr?ber6e corresponds to the primary elastic 
rnern oer 6a in Figs lAano^B 

^ piate 9a co -responding Sc tiie vibf8tir5g psate 9 in Rgs, 1 Aand:h: 

113 has a ccrrug^&ted part 81 if - orda? to if-crease tlie ampistude oi the vsprating 
plats 9a 6ufmg the po^itionino and driving of the coii 1 0. The adhesive or the 
ill<e to a portion corresponding to the corfugaie-d pari 91 fixes the coil 10. 

Moreover the vibratino piats 9a iias a spring pan 1 7 fixed to the vibration 
iraf>sni:tte>' 12 by the elastic n- jt-vfiai 6e such as the bonding agent, pressure- 
seneitive adhesive, or the iiHe. and fixed by a support irame 19 via rhe aiasi-c 



11 

material 6e, In this case, a protects^ psaM 18 provided with an arbitrary hoie is :: 
aitached ty ine ouie? penprserai pari of vsi>raiiO'i iranamuter 1 2 in omer to 
protect the imcuomi mm body of th^ vibration actuator. 

With reference to Fig, t2A, tiie descsripfen: be mad^ as regards a 
vibration acluator accordlnci to ar^ aievsnth ©mbodimr^nt of the preserr; invention. 
The vibfaiion actuator cofripfises Similar pa;1s desigsiated by like reierer^oe 
numerals, in the vibratloo actuator of Fig. 12, th«s r>5frxigat!on is applied in an 
oiiSter peripheral spring pan 1 7a of a s^bratlng m^mtjer 9D. WAh the vsbration 
actuator, a norma! operator! and a large a^ripiitude are brought about to allow air 
to vibrate ^vithout any pcsitionaj deviation of the vsivator SP during ^Pe driving, as 
corr$paf>3d wlti the vjoration actuator illustrated ;n F sg. 11 . Therefore, ihe hsgh 
sound pressure level, and acoustic pmpertisis witii low noises are obtained, 
FuftherfY^ore. by arbitrarily ctianging tho material, s4>a.pe, plate th:okness, and the 
Ilka of tne; vibrator 9b or the spring part 17a, the fnsquoncy properties of a vvflda 
baad can no obtainod;,: 

In Fig. t2.B, a typscal example of acoustic properties is shown as regards 
the vibration actuator of Fig, 12A and a oonventfanal vibration actuator In which a 
vibrating ?ri-3mber does not have a corrugatjon. A, thick SQlid-line represenr-S a 
basic wave propeny in the vibration aaluator of Fig, 12A. AthlcKbroken^ine : ' 
rspresentfe a distortion property in the vibraiiosi actoatof of Fi^, 1 2A. A ih'm solid - 
lif^e represents the basic wave prepej% in the cor^v^ntiomii vibration actuator, A 
thin brokerHine represertts the distortion prop^ny in the conwntlof^i vibration 
actuator. As will be understood from Fig. ItB, the basic wave property in the 
Vibration actuator of Fig. I2A is iiai in a Wioe-Liarid sroquancy rather t>han that in 
tlie cer?ver5tional vibration actuator. In addition, tt^e vibration actuator of Fig, 1 
Of-iabies to obtain a frequency property of a low.noise of 10 % or less in a high- 
band frequency of 500 Hz or fr?ore, 

Wiiti reterence 10 Fig. ivi, ina Uui>0:4iuo: i xvui rnaoe as racards a 
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vibrauon aoiuauof according to i^JS'Si^h embodimant of the present. hTvention, 
The vibration actuator compria^^s mmikj parts designated by iiKe reference 
numerals. In the vibration actuator of Rg. 1 3, th® vibratten trartsrnitter i 2 is 
provided with a plurailty of f ea^< hotas 2 1 . Each of the ?sak holes 21 Is of a 
vcua shr^^e ^po^viorr :-.h.^:3s> o . -s'o.l ly shape. With ine v bratior^ 
actuator, a sound pressure of to ao dB is attenuated $q that the properiies can 
controlted. 

With reference to Fig. 1 4, the ciescrtp&ri wiH be direcisO to e typleai 
e\^.:;r"-io riOcusuc Dfopertia*. of ihe v-o;ouo.! ;i:u,i3!0f si ustfaied if"! 13. A 
SQik.; ur « oi FiQ. ] 4 indicates. r>\'<-ihu &c valuta, jw-o dotted lines ;noicaiin<j a range 
of standard value. Fiat frequ^^ncv prooenies cart be r^ais^ed in a frequency band 
of vne oroer o( 300 to 3.Q00 Hi which sufficisntiy satisfies the sfa^^dard vglue oi 
igC31Band I1C711> ' 

Retorrirsg to Fjq- 15, -s ^ eS^uinr >hone ?0 js provided with a vibr&tlon 
aotuator 71 according to an 8x;-kfnpie oi th« present invigntion. The vibration 
actuator 71 i^as ar? outline of c;rcuiar snape. 

Referring to Fig. 1 6, a cellular ohone 70 i$ provided with a vibration 
aau.iicr iwCord;no lo anoir ^3x:in-f)ie of Is^e ore^s^^-'-'t snvonhon. 1 i-o 
vibrasiion £\Giuatof 72 has an Oi-i^irse of an eionga^ed oirouiar snape. Tno oatime 
of tbe vibration actuator 72 may be friodif^ed ro have an ailiptlcai shape 

nvus.. by forwtng th$ vLomting rnambef, tha vibration transmitter, and the 
iikc ,n Ji v 0 ;rs:'cu, trse ^iiipisc. .=no li-D ; -^aoi-^o Ci;cusar shapes, there can be 
provided tne vidraijon acru,C5fo in v^'i^son the co'-^>f-'ons?)ts can bo aruuched lo tne 
housing in aooDrdaf?c« with the housing at^ohment ar^sa and shape. The 
vibratson can constantly be transmttted to the otftside with a cof^stant e^dency 
everuvhernhe shaped is cha!->ged. 




The vibrating member iS fOfrned by a film fn^rriber n-^ade of plastic 
material seteqted from PEI {polyetherirnide),, PET (poiyethyl^sr^e terephthalat®), 
PC (poiycafbonatB), FPS (poiyplienylene&al^de), PARfpol^/aryiale), P! 
(polylmide), and PPTA (pojy-p-pndhysw :-: lo^cps-t . -a.r.ide (Aramid)), 



CLAIMS 

1 . A vibration actuate? Includirsg a magnelie circuit dmce with a 
magnetic gap, a vibrating msnit>er, a coii fixed to said vibrating rfwmber and 
:£l|||||ii::|ri:jsa!«J^^^ gap; a vifciatlo-fi tfansfTiiiter. and a suspension piata fcr;: 

edaisiioaliy SLiSperidifHj sasa frsarineuc. Circuit device to said vtbratior^ transfnmer in 
a predestermined direction. sai«i vibration actuator mher comprisic^g a primary 
elastic member intsrpos^d ba^^^e^^ said susperjsion piate- and said fBagnetic 
circuit dev;cc in said predetermined dir^sction, 

?. Av-brstiori aotuatGi as ciairnec sn ck-um 1, wherein said s-jsaenaion 
plate has a centrai portion and a perlpharai porticjr? around said centrai pori;ion, 
said „^ ' 'le^ai ponion oesrv^ i, -^'^>^v ;o aa ti vL/fatjO-^ transmsttor, ^ - ^ \ j 
portion be;ng connected to sai;.' n^agnetic circuit device tiirough said primary 
eiastio msmhar. 

3 A vicjraiion actuatO" as ctaimed in csa^m 2, wherein aaid susoension 
piaie iuciud&s a ieaf spring parsior^ 6>;tond«ng aiong a spirai curve between said 
central and said poripherai poriions. 

4, A vibration actua(ci a^; ciainied in claim 3, wherein sasc susnension 
piaie naa-; a pi..-niiity of §ior'>Q«u<. ho-ey wj!-c;-i -jxtersds xiubsianisaiiy paraiiei to 
said spirai curva to fomi said laal spring portion tiiefebatwsen. 

5, A vibratiorj actuate?- aa ciaimed In claim 4, ^^^mBin each of aaid 
eiongated ix^ies i-^as end areas; and an is-5termediate area behveen said end areas, 
each 0? said end as-aas bu-fncj < ■ jti.iecj ::iy a circuiar -sari'ace and a spirai suriaca 
which is paraiioii to said spiral i.,ijrv<'8, said ir-.termediaie area basng digfirsed by 
opposite spsral surface which are psraiiel to said spirai curve. 

6, A Vibration c^ctuato" a,-j ciaimed in ciaim 1 , ^-A^iereln said auspension 
plate is made of at least ona si.\-;no it^&tsnai selected Irom SUS3rj4. S$US301, 
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7- A vibration actuator as ok^imecMn claim 1 , w^hereln said magnetic 
Cif cuii. has any one of an imemalimv^mlio ^ipe, .an smrmil magnetic t\fpe, and a 

8. Avibration actuator as daimao in ciaimljunrisrcompris^n^ 
additional elastic frsember fixed bstWs k jn§ ncrn^>t-r duo .si^d vib.aiu ^ 
transmitter in said pfedetaimifted. direction, 

9. A vibration actuator ^$ claimed in cjalin l , whemin each of said 
vibrating ivieiT-ber and said vibratson transmitter lias a shape selected fiom a 
circular si-iape, an elliptic shape, and an ^5loncialec oiroui^sr shape. 

1 0. A vibration acjtuator as claimed m dmn-\ 1 , wherein said vibratsng 
member r :Bs a shape selected from a fiat p^ate shape, a disc sliape, a curved 
shape, a corrugation, and a combination oi said respective shapes. 

11. A vibration actuator as dairj-?ed hi claim 1 , further con;pn<,?snci a 
connecliny member conneci:if>g one ot cantmi and peripnaral pans of s.aid 
magnetic cirojit daxnce to a central pari of sai(3 }>ur.ip8nsion plate. 

1 2. A V{i3ratlof> actuator as claimeci in claim 1 1 , v^^erein said primary 
^iasiic fT^ember is fixed between said suspension plate and said connecisng 
member, ■„,,,,, 

1 3.. A viL^fation actuator as clasi^^ed is s < sa.'^^ ^ whorcin saso suspension 
plate has a centrai openin9, said magnetsc drouit device i->eing fitted in said 
csntrai opening a.nd fixed to said suspr3n^cm plate, 

1 4. A vibration actuator ks claifne<^i m oteirn 1 3, wharein said primary 
elastic inei-nbei is iix&d between said suspension |.,>;ate end said njagn^eiic circuit 
device-. 

1 A vibration actuator as claimed in elairrs 1 , wherein said coil is lixad 
to a particuiar position of sais;! vibratin9 meroDer by mn ad^^ossve. 

16. A vibration actuator as claimed in c^a^^ fi 1 , y^'h&m'm sa^d vibration 
Uansmiiter has at least one sound ssmitting hole. 



1 7. A vibration acluajof as cfalrnw in claim 16, v^ereirv said aiieast 
<?ne sound ernstting hole makes ssid vibmtldr* trarssjnnter ssjvb as Helml^ostz 

1 8. A vith-ation actiiav..;- r-.s claimed in claim 1 . wherssr; said n -rigrjeUc 
csrcui; device includes a yoke havjn^ at Ibbbx om pmtivsmn adjac^m to said 
magnetic gap. 

1 9. A vibration actuator as claimed in claim 1 , further corYj^trislsig a 
sacondary eiastic member fixed b;3tw89n sa;ci sy^spfiiiiiJO Jsi^MJ^ 
irans?r!,Uor in said predol^f-rrtmod -Jifection, 

20. A Vibration actuati: r as claimed in claim t , v^h^rein said suspension 
lAaie. ana sand vibration transmitter am mtagraiiy foniied by means selected fmm 
isssart n;Mdirg, bondinjj. and v^<%ldnp, 

2 AvibsT-;t!0-! ac.vja'^ r ^uv claimed in cioiir; ■ . fuiU^er cooipn&^ ig a 
chopper dlGpos*3d inslds said v 'r=rafion transmitter tor adfueting a space between 
saia m<.-$orsetic circuit device and said vibration jraosmnter, 

22 vibraticn actua^ a$ datmed \n mm 1 , wherein said vibrating 
' c)<: - a- . ' fi. . . x^-isir-ri psate, 

N \ P~at*Dr, acua t js ciairned in claim 1 , wiisretn said vsUratsor 
tfansmittc" viaratas topothor v^.th ^5a^d vibrates when $sici coil ts suppliad with a 
curmnt of a rrsg^/?r#q.y^nGy. 

A v^bs'atson acya^ar is claimed In claim 1 .. vvfjerein said vibration 
ra^sr^Uo' s& a >i\cc pa : a .o^v ifaqusncy, and icmic; an alastsc .maienal m 
tne hign treqymoy. 

2o *\ vsoraifon actuator as= ciaimad ir? claim 1 , wherein said vibration 
trariarnitief naa at K^asr rjne teovf tvosa for decreasing sound pressure, 

isix-'.^.o . ,o o;uiiA<id jn c-saim 1 . wherein said cc s' ss 

vK>'„. (I'^^.c v> , oddity p ccr 



wo mm49t 



27, A vibration actuator as ciasrvio c- ;n cij.u-rs 1 , wherein said viDs aisng 
membsr ss fofiTvad by a rdrn nif^mbaE mad^^ of p^as-uc material selected Ircsrn 
polyetherimids, polye%iBne tefephthalate. pcsiycarrjonata, polyptvenylene-suifidB, 
polyarylate, pofylmide, and poly-p-p^enylen^ iemphlhaiamide (Aramid). 
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Continual of 8ftx 1,-2 



W^^i^ I 1s not novel with rsspgct ts th« first two docu-^^erits ct sliiiilli; 
search r&port. Thus -^i) cUm^ depasideot. or!.cs..Ja) I are ef'factlvely to 
consl-Sx^rsd as 1 ndepsn^ient claims, which relate, ho^aver, to various 
&s?>sct.s (^.s-. 1?. in total) of the d-.H-Cce cl&^T«d In cPilss! 1 'ho lafv^.i- 
number of the dspem^ent ref8rre(3 t.> sl't^vj ^nd pr-c-jefsr j y flU' 

rBM&r \t dtfficuU. 1f not 1fEipds,s:«i^f;i^^^^^^ matter f&r s?h1ch 

proiectlon is sou^jhc. Thus, the present sppHcstlors f&IU to como^v i^vth 
the clarity and conciseness reqiiirements of Article 6 PCX (ses dUo Rulo 
(>.1.(a) PCt) to such an mlB^ o'^cn i >-^\ 

Coni5so.uen;:!y, the searcn nas D«en ci^rn^'d out far tnos^ parts of th« 
application whtch do appear to be cisar fsnc) concise), r>Me!y claims 

The Appficaftt's attsotlos?: fcfew^ fact that clslssSv or pplf -Gf 

elatnis, relating to inventions .:• -w.:.-.' \ m k ocn no intern«t^br»al 
.saarch pf^port has been established need not be the sut-ject of ijn 
letern&ilong] pr«i1ss1nary exaislnatinn (Rule oe.li'o) TCT), The spoiics-nt 
is 8<i:¥i:se<i that the |>oTl£rlhi^l;io;t|;ftf^ ' ■ 

Pfellfsilesry Ejiamtjilog j^ythorlty^iilfhirli out a 

prellsninary exsfnloatloi^ oo sa-:ter which has not be«n sssrcheci. This Is 
the c&se Irrespective of whether or not ths claims are isftooded following 
receipt of the search report oh duriog any Chapter !i pr&cedure. 
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